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DISK DRIVE APPARATUS, VIDEO CAMERA APPARATUS , AND DATA 
PROCESSING METHOD FOR USE WITH DISK DRIVE APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a disk drive apparatus, 
a video camera apparatus, and a processing method for use 
with the disk drive apparatus for recording and playing back 
various types of data, including computer data and, in 
particular, to a disk drive apparatus capable of performing 
random access. More particularly, the present invention 
relates to a disk drive apparatus of a type which is 
installed and used in a host, such as a computer system or a 
portable video camera and, in particular, to a disk drive 
apparatus, a video camera apparatus, and a data processing 
method for use with the disk drive apparatus for recording 
and playing back computer data requiring data reliability, 
as well as video data and audio data requiring real-time 
characteristics . 

2. Description of the Related Art 

Various types of information processing systems, 
including general-purpose computers, have mounted therein a 
data recording and playback apparatus for storing large 
application software and large amounts of data in a non- 
volatile state. There are various recording and playback 
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apparatuses , such as disk types , which hold, data on a 
rotating disk, and tape types, which hold data on a winding- 
type tape. Of these, the disk- type recording and playback 
apparatus is superior in that random access is possible. 

A typical disk apparatus is a hard disk drive (HDD) . 
With advances in magnetic head technology and signal 
processing technology, the increased capacity of HDDs is 
remarkable. For example, in the period from about 1990 to 
the present, the recording density per unit area has 
continuously increased annually by about 60%. It is 
expected that 10 to 20 GB of data will be recordable on a 
3.5-inch diameter disk sometime after 2000. That is, it is 
believed that one HDD having a plurality of disks will have 
a recording capacity exceeding 100 GB. 

As described above, since an HDD has a large capacity, 
it is suitable for recording digital image information. On 
the other hand, with advances in recent image compression 
technology, the average data rate necessary for recording an 
image is progressively decreasing. For example, in the case 
of the MPEG2 (Motion Picture Experts Group Phase 2) standard 
which is predicted to be further used in the future in 
personal computers and digital satellite broadcasts, a 
moving image having satisfactory quality at an average data 
rate of approximately 4 to 8 Mbits/sec can be recorded and 
played back. 
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On the other hand, generally, there has been a demand 
for an HDD for use in computers to be constructed so as to 
realize a higher speed of data access- In a case where 
compressed moving -image data is recorded or played back in 
an HDD which is designed by assuming such computer uses, the 
data rate is higher than is necessary even if the head 
movement time between concentric recording tracks is taken 
into consideration. In other words, to record and play back 
compressed moving-image data in an HDD for use in computers, 
the disk rotation speed is higher than necessary, 
unfortunately causing a problem of large power consumption 
by the spindle motor or rotation noise arising from high- 
speed rotation. 

One typical mode of a moving- image recording system is 
a portable video camera. Since a portable apparatus, such 
as a video camera, is battery-driven, reduction in power 
consumption is crucial to achieve extension of operation 
period. 

As a conventional method for achieving a high speed at 
connection time to a computer while ensuring low power 
consumption during portable use, a magnetic disk playback 
method having a plurality of different operation modes of at 
least two of a low- speed mode and a high-speed mode is 
disclosed in Japanese Unexamined Patent Application 
Publication No. 10-162483, which is an application for 
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patent by the same applicant as that of this application. A 
disk apparatus which uses a synchronization servo method as 
a head positioning servo method suitable for realizing a 
plurality of rotation speeds and which records image 
information and sound information, in particular, in a low- 
speed mode, is disclosed in Japanese Unexamined Patent 
Application Publication No. 10-261357, which is an 
application for patent also by the same applicant as that of 
this application. 

Generally, in an HDD, one data file is discretely 
recorded and played back by being divided in packet units 
called data sectors, and error handling during recording and 
playback is also performed for each data sector. The disk 
of an HDD is generally rotating at a constant angular 
velocity (CAV), and the data rate differs depending on the 
data recording radius. Therefore, in order to ensure real- 
time continuity in recording and playback of image 
information and sound information, it is necessary for the 
average data rate in discrete recording and playback of data 
sectors to be higher than the data rate for the image and 
sound information. 

If an extended period is spent on error handling for 
recording and playback of one data sector, the average data 
rate falls below a required level, and the continuity of 
image and sound information may be lost. In particular, in 
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a case where the number of revolutions of the disk is 
reduced to lower consumption of the power, since there is no 
allowance for the data rate, this problem is likely to occur. 
However, since the occurrence of various errors is a 
probability phenomenon, and the error varies due to the use 
state and the use history on the HDDs, it is difficult to 
anticipate them completely at the time of design. 
Furthermore, in a conventional HDD, if an error occurs once, 
full use of the best technique available, such as correction 
and re-reading by error correction code, is made to read 
correctly, causing the error handling time to become 
prolonged. Therefore, there is a problem in that it is 
difficult to ensure real-time characteristics at the time of 
design . 

As one of the error handling modes, which are factors 
hindering the ensuring of real-time characteristics, a 
processing operation for a retry may be mentioned. The 
recording and playback of data in an HDD are performed in 
units (for example, units of 512 bytes) of a short data 
sector corresponding to a packet in communication technology. 
The retry is an operation such that the same operation is 
performed again when an error occurs in a step of executing 
a command, such as recording and playback of data sectors, 
supplied from a host . 

There are various types of causes of error which result 
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in retries. First, an error in head movement (seek) to a 
target sector is cited- To overcome a seek error, the 
recording and playback of the target sector is abandoned and 
skipped, or a retry must be performed. Since a waste of 
time of approximately several msec to several tens of msec 
is necessary for one retry, this becomes a factor hindering 
real-time characteristics. 

Next, there is a retry (write retry) during data 
recording. In a case where it is detected that the position 
variation of a head from a data track exceeds a permissible 
amount, for example, due to a mechanical impact applied from 
outside the HDD while recording on one data sector is being 
performed, the recording operation is stopped. Thereafter, 
after awaiting the recovery of the head position variation 
to a normal state and the reaching of the subject sector 
directly below the head again as a result of the disk 
rotation, a data recording operation on the subject data 
sector is performed again (write retry) • 

Furthermore, in a case where an error in an amount 
exceeding correction performance by an ECC (Error-Correction 
Code) added to a sector occurs when one data sector is 
played back in a retry (read retry) during data playback and 
it is determined that correction is impossible, after 
awaiting the reaching of the subject sector directly below 
the head again as a result of the disk rotation, a playback 
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operation of the subject logical sector is performed again 
(read retry) . In addition, in a case where it is determined 
again that correction is impossible even if a read retry is 
performed once, a second read retry is performed. In a case 
where an error is not a soft error due to a random cause, 
such as noise, but is an error due to a definite cause, such 
as a scratch in the magnetic film on the disk, the disk 
cannot be read correctly even if read retries are performed, 
for example, 10 or more times, and a waste of time of 100 
msec or more is necessary, fatally hindering the ensuring of 
real-time characteristics. 

Since the maximum number of times the above various 
retries are executed and other error handling methods are 
conventionally fixed by HDD design, it is not possible to 
appropriately perform control according to the state of the 
entire disk recorder. 

Also, although a means for completely permitting or 
prohibiting the execution of a retry is conventionally 
provided (for example, part of the ATA ( AT -Attachment ) 
interface standard prepared by the ANSI (American National 
Standards Institute), a means for appropriately setting a 
maximum permissible time required for error handling, and a 
means for dynamically performing control according to the 
urgency (that is, demand for real-time characteristics) of 
recording and playback are not provided. 
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In the manner as described above, there is generally a 
demand for an HDD to perform high-speed access and an 
accurate recording and playback process in computer uses, 
while in moving-image data processing, real-time 
characteristics are important. Furthermore, in moving- image 
data processing using a portable video camera, there is the 
problem of minimizing power consumption. Although the 
minimization of power consumption can be realized by 
decreasing the rotation speed of the HDD, if a prolonged 
period is spent on error handling by decreasing the number 
of revolutions of a disk, continuity of image information 
and sound information is lost. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in view of such 
drawbacks in the conventional technology. An object of the 
present invention is to provide a disk drive apparatus, a 
video camera apparatus, and a data processing method for use 
with the disk drive apparatus, in which a plurality of two 
or more operation modes of a portable AV mode (PAV) as an 
operation mode which is most appropriate when an HDD is used 
in a portable audio-visual apparatus during battery use, and 
a home IT (Information Technology) mode (HIT) as a mode 
appropriate for handling data, such as computer data, 
requiring high reliability during commercial -power use are 
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provided, so that not only the rotation speed of the disk, 
but also the error handling mode during data recording and 
playback is changed by switching the modes, whereby high- 
speed access and high reliability are realized during the 
processing of the computer data, and real-time 
characteristics are ensured and low power consumption is 
realized in moving-image data processing during battery use. 

To achieve the above-mentioned object, according to a 
first aspect, the present invention provides a disk drive 
apparatus having a plurality of operation modes , wherein the 
plurality of operation modes include a plurality of 
operation modes in which disk rotation speeds are different, 
and the plurality of operation modes include a plurality of 
operation modes in which error handling modes during 
recording and playback of data are different . 

The disk drive apparatus may have a first operation 
mode in which a disk rotation speed is set to be low, to 
which an error handling method appropriate for performing 
recording or playback of real-time continuous information is 
made to correspond; and a second operation mode in which a 
disk rotation speed is set to be high, to which an error 
handling method appropriate for performing recording or 
playback of data with high reliability is made to correspond. 

An error handling method in the first operation mode is 
preferably an error handling method in which an upper limit 
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of an error handling time for realizing recording or 
playback of real-time continuous information is determined, 
and an error handling method in the second operation mode is 
preferably an error handling method in which an error 
handling time longer than the upper limit of the error 
handling time in the first operation mode is permitted. 

In the first operation mode, when error handling is not 
completed within the upper limit of the error handling time, 
the error handling is stopped, and the recording or playback 
process for data which follows is performed. 

The upper limit of the error handling time can be set . 

The disk drive apparatus may have a third operation 
mode in which a disk rotation speed is set to be high, to 
which an error handling method appropriate for performing 
recording or playback of real-time continuous information is 
made to correspond. 

The disk drive apparatus may have a fourth operation 
mode in which a disk rotation speed is set to be low, to 
which an error handling method appropriate for performing 
recording or playback of data with high reliability is made 
to correspond. 

The disk drive apparatus can preferably be battery 
driven, and when the disk drive apparatus is battery driven, 
the disk drive apparatus operates in an operation mode in 
which the disk rotation speed is low. 
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The disk drive apparatus can preferably be connected to 
a host system via a host interface, performs a recording or 
playback operation onto or from a disk in accordance with a 
recording or playback command received via the host 
interface, and switches among different operation modes in 
accordance with a command including operation mode 
specification, which is received via the host interface. 

The command containing the operation mode specification 
is a command added in accordance with the ATA (AT- 
Attachment) standard prepared by the ANSI (American National 
Standards Institute) . 

The command containing the operation mode specification 
is a command added in accordance with the PC card ATA (AT- 
Attachment) standard defined by the PCMCIA (Personal Memory 
Card International Association) /JEIDA (Japan Electronics 
Industry Development Association) . 

The disk drive apparatus is preferably a removable -disk 
apparatus from which a mounted disk can be removed. 

The outer dimensions and the connector construction of 
the disk drive apparatus are preferably in compliance with 
the PC card standard defined by the PCMCIA/ JEIDA. 

The disk drive apparatus may perform positioning 
control of a head with respect to a disk on the basis of 
servo information in accordance with a sector servo method 
of sectors provided radially by partitioning the data 
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recording surface of the disk. 

The disk drive apparatus preferably has a synchronous 
head position detection construction for generating a servo 
clock on the basis of the servo information recording area 
and for detecting head position information while referring 
to the generated clock. 

The disk drive apparatus may comprise an information 
compression unit for compressing information, and an 
information decompression unit for decompressing compressed 
information. Information compressed by the information 
compression unit is recorded on a disk mounted in the disk 
drive apparatus , and when compressed information is played 
back from the disk, a decompression process for 
decompressing information is performed by the information 
decompression unit. 

Information compressed by the information compression 
unit preferably contains moving-image information. 

The moving-image information is preferably continuous 
image information compressed by the MPEG2 (Motion Picture 
Experts Group Phase 2) method. 

The disk drive apparatus preferably has a camera for 
photographing an image, and the image information obtained 
by the camera is recorded on a disk loaded in the disk drive 
apparatus . 

According to a second aspect, the present invention 
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provides a video camera apparatus comprising a disk drive 
apparatus having a plurality of operation modes, wherein the 
plurality of operation modes include a plurality of 
operation modes in which disk rotation speeds are different, 
and the plurality of operation modes include a plurality of 
operation modes in which error handling modes at the time of 
recording or playback of data are different. 

The video camera apparatus may comprise a disk drive 
apparatus having a first operation mode in which a disk 
rotation speed is set to be low, to which an error handling 
method appropriate for performing recording or playback of 
real-time continuous information is made to correspond; and 
a second operation mode in which a disk rotation speed is 
set to be high, to which an error handling method 
appropriate for performing recording or playback of data 
with high reliability is made to correspond. 

According to a third aspect, the present invention 
provides a data processing method for use with a disk drive 
apparatus having a plurality of operation modes, the data 
processing method comprising: setting to a first operation 
mode in which a disk rotation speed is set to be low on the 
basis of mode information contained in a command received by 
the disk drive apparatus, to which an error handling method 
appropriate for performing recording or playback of real- 
time continuous information is made to correspond; and 
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measuring the duration of error handling for an error which 
occurs at the time of recording or playback of data onto and 
from a disk, and when the error handling is not terminated 
within the upper limit of the time contained in the command, 
stopping the error handling and performing a recording or 
playback process for data which follows. 

The disk drive apparatus in accordance with each aspect 
of the present invention is connected to a host system 
outside the apparatus and is used via a PC card interface in 
compliance with the PC card standard defined by the 
PCMCIA/ JEIDA or a host interface in compliance with the ATA 
( AT -Attachment ) interface standard prepared by the ANSI 
(American National Standards Institute) . One example of the 
host system is a portable video camera as a digital moving- 
image disk recorder which records and plays back a data 
stream, such as video and audio, to and from the disk 
apparatus, and another example is a general -purpose computer 
system. In the host system, it is preferable that a command 
set be prepared which can be processed by the disk apparatus 
in an operation mode in which the error handling time is 
limited to less than a predetermined permissible value. 

The present invention has been achieved by taking note 
of the point that demands for data reliability and real-time 
characteristics vary according to the type of data handled 
by an HDD. 
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For example, in order that the HDD handle computer data, 
ensuring of the reliability of the data is critical. 
Computer data containing an error is completely meaningless 
for computer processing, and errors must be rectified even 
if processing time is required. 

In contrast, in a case where the HDD handles AV data, 
the primary purpose is to record and play back data in real 
time, and the reliability of data can be compromised to some 
degree. The reason for this is that even if a certain 
number of errors are mixed in data and the played- back 
contents of video and audio are distorted to some degree, 
human visual and auditory sense can ignore or compensate 
this. However, if the real-time characteristics are not 
maintained and video and audio are interrupted, ignoring or 
compensation is impossible, and service quality is degraded 
considerably. 

The disk drive apparatus (hereinafter also referred to 
simply as a "disk apparatus") of the present invention has 
an operation mode appropriate for recording or playing back 
continuous information in addition to an operation mode 
appropriate for recording or playing back non-continuous 
(that is, discrete) information. The operation mode of the 
former is suitable for handling data, such as computer data, 
requiring high reliability, and is hereinafter called an "IT 
(Information Technology) mode". Also, the operation mode of 
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the latter is suitable for handling data, such as moving- 
image data and sound data, requiring real-time 
characteristics, and is hereinafter called an "AV (Audio 
Visual) mode". 

Furthermore, the disk apparatus of the present 
invention has a home mode and a portable mode, for which the 
disk rotation speeds are different. The home mode is a mode 
in which the disk rotation speed is set to be high, and 
ensuring of a high-speed data rate is possible, and is a 
mode suitable for computer data processing when commercial 
power is used. The portable mode is a mode in which the 
disk rotation speed is decreased and is suitable for use 
when reduction in power consumption is desired for battery 
driving. Also, the portable mode is a mode suitable for a 
process for recording or playing back image information and 
sound information, for which satisfactory processing is 
possible at a low data transfer rate. The disk apparatus of 
the present invention is constructed so as to be driven by 
an operation mode in which the above -described IT mode and 
the above -described AV mode are combined with the home mode 
and the portable mode. 

The disk apparatus of the present invention can be 
connected via a PC card interface to a "host" , such as a 
general-purpose computer and a portable digital video camera 
as a digital disk camera. Furthermore, this disk apparatus 
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is provided with a means for switching among operation modes 
via this PC card interface, and a means for changing the 
disk rotation speed in response to this switching of the 
operation modes and for setting an error -handling time 
permissible value at the time of recording or playback. 
Therefore, the error-handling time permissible value is set 
dynamically according to whether the disk apparatus is in an 
IT mode appropriate for discrete information requiring high 
reliability and in an AV mode appropriate for continuous 
information requiring real-time characteristics. 

The above and further objects, aspects and novel 
features of the invention will become more fully apparent 
from the following detailed description when read in 
conjunction with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram schematically showing the hardware 
construction of a digital moving- image disk system having 
mounted therein an HDD 200 as a recording medium according 
to an embodiment of a disk drive apparatus of the present 
invention. 

Fig. 2 is a diagram schematically showing the 
hierarchical structure of firmware executed by a CPU-A 115 
shown in Fig . 1 . 

Fig. 3 is a diagram schematically showing a 
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relationship between clusters which are units of recording 
and playback of data to and from the HDD 200, and a GOP 
(Group of Pictures) defined as a data stream of MPEG2 . 

Fig. 4 is a timing chart showing an example of the 
operation of the HDD 200 in a case where one AV data stream 
is recorded. 

Fig. 5 is a diagram illustrating use modes of the disk 
drive apparatus of the present invention. 

Fig. 6 is a diagram showing the relationship between 
the rotation speed of a disk and power consumption of a 
spindle motor. 

Fig. 7 is a diagram showing an operation mode switching 
diagram (part 1) of the disk drive apparatus of the present 
invention . 

Fig. 8 is a diagram showing an operation mode switching 
diagram (part 2) of the disk drive apparatus of the present 
invention. 

Fig. 9 is a diagram showing an operation mode switching 
diagram (part 3) of the disk drive apparatus of the present 
invention. 

Fig. 10 is a diagram illustrating correspondence 
between the disk rotation speed and data rate of an MPEG AV 
data stream. 

Fig. 11 is a diagram illustrating correspondence 
between the disk rotation speed and maximum error recovery 
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time . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of a disk drive apparatus, a video camera 
apparatus, and a data processing method for use with the 
disk drive apparatus, to which the present invention is 
applied, are described below. Although in an embodiment to 
be described below, a fixed- type hard disk apparatus (HDD) 
is described having the shape of the PC card standard as a 
typical example, the present invention is not necessarily 
limited to this type. It is a matter of course that, for 
example, the present invention may similarly apply to other 
magnetic disk apparatuses, such as a removable HDD from 
which a disk as a recording medium can be changed, a floppy 
disk apparatus (FDD), or an optical disk apparatus. Also, 
it is to be understood that the present invention may 
similarly be applied to an optical hard disk apparatus in 
which a floating slider is combined with an optical disk. 

Fig. 1 is a diagram schematically showing the hardware 
construction of a digital disk camera having mounted therein 
a PC- card- type HDD 200 as a recording medium according to an 
embodiment of the present invention. The digital disk 
camera can record or reproduce video information and audio 
information for a still image and a moving image. The 
construction of the digital disk camera shown in Fig. 1 and 
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the flow of signals are described below. 

First, a description is given of the flow of signals at 
the time of data recording using a camera 103 in a digital 
disk camera using the PC-card-type HDD 200 shown in Fig. 1. 
The video information converted into electrical signals by 
the camera 103 is digitized, after which the information is 
compressed by an image information compression unit 107 so 
that the data rate becomes approximately 1/5. As methods 
for image information compression, DV, MPEG2 , etc., are used 
in practice. In this type of compression method, by 
performing a discrete cosine transform, inter-frame movement 
detection, requantization , two-dimensional Huffman coding, 
etc., on the original digital video information, the amount 
of information is compressed. An acoustic signal picked up 
by a microphone 104 at the same time as an image signal is 
also digitized, and the data rate is reduced by a sound 
information compression unit 108. The compressed video 
information and audio information are multiplexed by a 
multiplexer (MUX) 111, and are assembled as an AV data 
stream. 

In the digital disk camera shown in Fig. 1, the overall 
operation of the system is centrally controlled by a CPU-A 
115. The CPU-A 115 operates in accordance with firmware 
stored permanently in a ROM (Read Only Memory) 117, and uses 
a RAM (Random Access Memory) 116, which is a rewritable 
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memory, as a work area. 

Also, a digital moving -image disk recorder comprises a 
user interface mechanism (not shown) for receiving operation 
instructions to the recorder from a user. The user 
interface mechanism is formed of, for example, operation 
switches/buttons, a remote control unit, a keyboard, a 
liquid- crystal display device, etc. 

User input/output through the user interface mechanism 
is controlled by the CPU-A 115 (more specifically, the 
firmware executed by the CPU-A 115). The user input/output 
includes instructions of recording or playback of a moving 
image and sound data by the HDD 200. The user instruction 
input to the HDD 200 is realized by the CPU-A 115 by issuing 
a command to a PC-card interface 150 via a CPU-A bus 120 and 
an AV-I/F 114. Also, data transfer between a host and the 
HDD 200 is performed by the CPU-A 115 by issuing an 
instruction command to a memory control circuit 113 and the 
AV-I/F 114. On the host side, data to be transferred is not 
directly exchanged with the HDD 200, and the data is stored 
once in a host memory 112. 

Fig. 2 shows an example of the software structure of 
the CPU-A 115, stored in the ROM 16. The entirety thereof 
is controlled by system management software. The system 
management software contains all of the functions necessary 
for a recorder, which are not contained in the lower layer, 
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such as instructions and management of recording and 
playback operations, the understanding and management of the 
operating state of each of the hardware resources, such as 
the PC-card-type HDD (hereinafter referred to as a "HDD") 
200 and the host memory 112. 

The MPEG2 encoder and decoder operation management 
software shown in the lower layer of Fig. 2 controls the 
image information compression unit 107, the sound 
information compression unit 108, the MUX 111, an image 
information decompression unit 105, a sound information 
decompression unit 106, and a DEMUX 110, so that a process 
for compressing each item of information of moving- image 
data and sound data and assembling an AV data stream is 
controlled, or a process for decompressing an AV data stream 
into a moving image and sound information is controlled. 
Here, a description is given of an example in which the 
MPEG 2 method is used as a video information compression 
method. 

The host memory management software instructs the 
memory control circuit 113 so as to control data writing 
into and data reading from the host memory 112, so that an 
operation is performed for dividing an AV data stream to be 
recorded into units of clusters (to be described later) and 
for sending them to the HDD 200, and during playback, an 
operation for assembling data read from the HDD 200 in units 
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of clusters into an AV stream and sending it to a group of 
decoders is controlled. 

The HDD device driver is software which issues various 
commands in practice to the HDD 200 via the PC -card 
interface 150 so as to control data recording and playback. 
The user I/F section performs an input/output operation in 
the user interface mechanism. 

The data rate of the AV data stream is approximately 4 
to 8 Mbits/sec in a case where the MPEG 2 method is used as a 
video compression method. 

Fig. 3 schematically shows a relationship between 
clusters which are units of recording and playback of data 
to and from the HDD 200, and a GOP (Group of Pictures) 
defined as a data stream of MPEG2 . 

As shown in Fig. 3, this AV data stream is formed of a 
GOP (Group of Pictures) which is completed with and composed 
of 15 frames of an image. One GOP stored in the host memory 
112 is further divided into data units of a predetermined 
amount, called clusters, by the CPU- A 115, and these are 
recorded in the HDD 200 via the PC card interface. 

As shown in Fig. 3, one GOP is formed of an image of 15 
continuous frames composed of I pictures , B pictures , and P 
pictures. In the example shown in Fig. 3, a cluster is a 
mass of data obtained by dividing the GOP by four. Since 
one frame corresponds to 1/30 second, one GOP corresponds to 
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0.5 second. Also, since the amount of data of the GOP is 4 
Mbits, the cluster size obtained by dividing the data stream 
for one second by eight is 1 Mbit . 

Since the sector size of an ordinary HDD in the 
computer industry is 512 bytes (that is, 4,096 bits), one 
cluster corresponds to the amount of data for approximately 
245 sectors. That is, in the HDD, each time a recording 
command is received from the host, approximately 245 sectors 
are recorded continuously. 

The flow of a recording operation can be summarized as 
described below. That is, an AV data stream is sequentially 
recorded once in the host memory 112 through the memory 
control circuit 113. The CPU-A 115 issues an instruction to 
the memory control circuit 113 in accordance with the 
control of the host memory management software within the 
firmware, so that data to be recorded into the HDD 200, that 
is, clusters, is read from the host memory 112, and the data 
is transmitted to the HDD 200 via the AV-I/F 114 and the PC- 
card interface 150. 

The details of the recording operation are described 
below. The CPU-A 115 sends a host command (a recording 
command in this case) to the HDD 200, so that recording of 
one cluster to be recorded is started from a particular 
logic block address (LBA) on a disk 216 as a data block of a 
particular predetermined length. 
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A hard disk controller (hereinafter referred to as a 
"HDC" ) 203 inside the HDD 200 comprises an input register 
for receiving data and commands from a host, and an output 
register for returning data, status inside the HDD 200, etc., 
to the host. When a recording command is received from the 
host, the HDC 203 converts the logic block address (LBA) 
specified by the recording command into a physical address 
(the physical address is specified by, for example, a disk 
face number, a track number, a sector number, etc.) inside 
the HDD 200 by a cooperative operation with a CPU-B 204. 

Then, the cluster sent from the host memory 112 is 
received by the input register of the HDC 203 via the PC- 
card interface 150 and is stored once in a buffer memory 202. 
One cluster has an amount of data (described above), for 
example, for 245 sectors. The HDC 203 divides this received 
data into a length (512 bytes) of a logic data sector which 
is set on the track of the disk 216, and further adds a 
preamble pattern for obtaining bit synchronization at the 
time of reading and an error- correction code in portions 
preceding and subsequent thereto so as to form a data sector, 
after which the HDC 203 sends the data sector to a recording 
channel circuit 206 while in synchronization with the disk 
rotation . 

The recording channel circuit 206 performs channel 
coding on a data sector so as to be converted into a binary 
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sequence compatible with the characteristics of a magnetic 
recording channel formed of a head 215 and the disk 216. 
This binary sequence is made to correspond to a rectangular 
recording current waveform by a recording amplifier 209, and 
is recorded as an inverted magnetization pattern on the 
magnetic disk 216 by the head 215. 

Here, since the head 215 must be positioned in advance 
on a target track which is the target for recording, a servo 
control circuit (servo DSP) 208 receiving a target track 
number from the HDC 203 and the CPU-B 204 causes the head 
215 to move to the physical address of the disk 216 while 
receiving a track number on the surface of the disk 216 from 
a reproduction channel circuit 207 so as to perform 
positioning. 

Fig. 4 shows an example of the operation of an HDD in a 
case where one AV data stream is recorded on the HDD. As 
shown in Fig. 4, the time which can be used for recording 
one cluster is 125 msec. The time necessary for the seek, a 
rotation latency operation (SI), and a recording operation 
(Wl) of the HDD 200 is approximately 30 msec, depending on 
the speed performance of the HDD. The remaining time (125 - 
SI - Wl) is the remaining time (E) . In Fig. 4, in practice, 
since there is a delay time between the AV data stream in 
the upper portion and the HDD operation in the lower portion, 
the cause-and-effect relationship between them is satisfied. 
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The operation of the HDD at the time of recording of each 
cluster (k, n) shown in the middle portion of Fig. 4 is an 
operation example in the PAV mode (to be described later) in 
the disk apparatus of the present invention, and the details 
of this operation will be described later. 

Next, the flow of signals at the time of playback is 
described. First, the system management software (described 
above) causes the HDD device driver to issue a reading 
command so as to specify the AV data stream name to be 
played back in accordance with user input information from 
the user I/F section of the firmware, to determine the logic 
block address (LBA) at which each cluster which is a 
constituent of the stream is recorded, and to read the 
corresponding cluster. Also, at the same time as issuing of 
this command, the host memory management software causes a 
storage area for reconstructing the read cluster to be 
allocated on the host memory 112 through the memory control 
circuit 113. 

The reading command is given to the CPU-B 204 inside 
the HDD 200 via the HDC 203. This CPU-B 204 converts the 
logic block address (LBA) of the corresponding cluster into 
a physical address (the physical address is specified by, 
for example, a disk face number, a track number, a sector 
number, etc.) inside the HDD 200, instructs a servo DSP 208 
to cause the head 215 to move to the physical address so as 
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to start reading the required data. That is, the inverted 
magnetization pattern recorded on the magnetic disk 216 is 
read by the head 215 and is amplified by a playback 
amplifier 210, after which bit synchronization is obtained 
by the reproduction channel signal processing circuit 207, 
the pattern is detected as a binary data sequence, decoding 
as a reverse conversion of channel coding performed at the 
time of recording is performed, and it is played back as a 
data sector. 

The played back data sector is sent to the HDC 203, 
whereby after undergoing error- correct ion decoding, the data 
is sequentially stored in the buffer memory 202 as logical 
data in units of 512 bytes. Thereafter, the buffered data 
is sequentially transferred to the host memory 112 via the 
PC-card interface 150 and the memory control circuit 113, 
forming one cluster. Then, when reading of one cluster is 
completed, in a manner similar to that described above, 
reading of clusters which follow is instructed, and a group 
of data sectors are read from the HDD 200, and thus clusters 
which follow are formed in the host memory 112. 

The formed clusters are sequentially sent from the host 
memory 112, and this AV data stream is separated into video 
data and sound data by the demultiplexer 110. In a case 
where an error exists in data, an interpolation process is 
performed on the basis of preceding and subsequent data by 
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an interpolation circuit 109. Then, the image data is 
decompressed into ordinary digital image information by the 
image information decompression unit 105 and is output to 
the outside. The image information output to the outside is 
converted into an NTSC analog video signal by a D/A 
converter, etc., and is supplied to a monitor 101, etc. The 
sound data is decompressed by the sound information 
decompression unit 106 and is output to the outside by an 
acoustic signal output unit 102, such as a speaker. 

The PC -card interface 150 uses the PC card standard 
defined by the PCMCIA (Personal Memory Card International 
Association) /JEIDA (Japan Electronics Industry Development 
Association) as the physical layer, and uses various 
protocols (PC card ATA, 68 -pin ATA, True IDE) defined at an 
even higher layer. Since these protocols are nearly the 
same as the ATA (AT -Attachment ) standard of the ANSI, in the 
following, an example is described in which 68 -pin ATA which 
is the same as the ATA standard is used as a typical example. 

A description will now be given by using, as an example, 
a PC-card HDD having four operation modes with regard to the 
outlines of the modes and mode switching of the disk drive 
apparatus of the present invention, and thereafter, the four 
modes are described individually. 

[PC-card HDD having four operation modes] 

The HDD 200 in Fig. 1 is a PC -card HDD in which the 
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outer dimensions and the interface satisfy the PC card 
standard, and the internal component blocks thereof are 
shown in Fig . 1 . 

This HDD 200 has a plurality of operation modes 
described below, in addition to conventional operation, such 
as sleep. In order to obtain a high track density, this HDD 
200 uses what is commonly called a sector servo method in 
which servo information areas for head positioning control 
are provided nearly radially on the disk surface by 
partitioning the data recording tracks, and the relative 
position to the recording track is measured by 
recording/playback heads themselves. 

Also, as will be described later, the plurality of 
operation modes of the HDD 200 contain a low- speed rotation 
mode in which the disk rotation speed is decreased. 
Therefore, use of a synchronization servo method which 
generates a servo clock constantly on the basis of clock 
information within the servo information area and which 
synchronously detects head position information while 
referring to the servo clock is convenient. The reason for 
this is that in this servo clock method, since the number of 
servo areas per circumference of a disk can be set to a high 
density of, for example, 100 or more areas, high head 
positioning accuracy can be obtained. 

Next, the operation of the HDD 200 is described in 
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detail. 

The HDD 200 of this embodiment has a home mode and a 
portable mode, corresponding to use modes, in addition to 
two types of operation modes of an IT (Information 
Technology) mode and an AV (Audio Visual) mode corresponding 
to an object to be data processed, and has a total of four 
(2x2) types of operation modes. 

The IT mode is an operation mode suitable for recording 
or playback of non-continuous (that is, discrete) 
information. More specifically, the IT mode is a mode in 
which nearly the same operation as that of a conventional 
HDD designed for recording and playback of computer data is 
performed, and importance is placed on the reliability of 
data rather than on the real-time continuity of recording 
and playback, and a time limitation is not imposed on error 
handling. That is, the IT mode is suitable for handling 
data requiring high reliability as computer data. 

On the other hand, the AV mode of the latter is an 
operation mode suitable for recording or playback of 
continuous information. More specifically, the AV mode is a 
mode in which importance is placed on the real-time 
continuity rather than on the reliability of data in order 
to handle an AV data stream formed of video information and 
audio information, and a time limitation is imposed on error 
handling. That is, the AV mode is suitable for handling 
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data requiring real-time characteristics as moving- image 
data and sound data. 

The home mode is a mode in which the disk rotation 
speed is set to be high, and is a mode which ensures a high- 
speed data rate and which is suitable for computer data 
processing when commercial power is used. 

The portable mode is a mode in which the disk rotation 
speed is set to be low and which is suitable for use in 
which reduction of power consumption is desired as in 
battery driving. Also, the portable mode is a mode which is 
suitable for a recording and playback process for image 
information and sound information, for which satisfactory 
processing is possible at a low data transfer rate. 

Each of the four modes of the disk apparatus of the 
present invention is summarized as follows. 

(1) HIT mode (Home IT mode) 

A high-speed data rate is ensured by a high disk 
rotation speed, and error handling which places importance 
on data reliability is performed regardless of the time 
required. 

(2) PIT mode (Portable IT mode) 

The HDD 200 operates with low power consumption at a 
low disk rotation speed, and error handling which places 
importance on data reliability is performed regardless of 
the time required. 
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(3) HAV mode (Home AV mode) 

A high-speed data rate is ensured by a high disk 
rotation speed, and error handling which is suitable for 
real-time continuous recording and playback is performed. 

(4) PAV mode (Portable AV mode) 

The HDD 200 operates with low power consumption at a 
low disk rotation speed, and error handling which is 
suitable for real-time continuous recording and playback is 
performed. 

An example of a use mode in each of the above-described 
modes (1) to (4) is shown in Fig. 5. The use mode of an HDD 
by a portable camera which is battery driven is shown in the 
left side of Fig. 5, and it is a use mode corresponding to 
the above- described (4) PAV mode (Portable AV mode) in which 
a low- speed mode is selected. Also, the use mode of an HDD, 
in which an image editing process, using commercial power of 
AC 100 V, is performed by a computer, is shown in the right 
side of Fig. 5, and it is a use mode corresponding to the 
above -described (1) HIT mode (Home IT mode) in which a high- 
speed mode is selected. 

The switching of the modes of the HDD is performed by 
receiving a "SET AV CONFIGURATION" command issued by a host. 
This command is defined at command number 80h as, for 
example, one of the vender-specific commands of the ATA 
standard. 
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Table 1 below schematically shows the data structure of 
an input register inside the HDC 203 when the "SET AV 
CONFIGURATION" command is issued. Table 2 below 
schematically shows the data structure of "SET AV 
CONFIGURATION" which is parameter data of the command. The 
indication of a mode is performed at "bitO" and "bitl" of 
"wordO" within the data shown in Table 2 below. 



Table 1 



Register 


7 | 6 I 5 | 4 |3 | 2 11 10 


Features 


na 


Sector Count 


na 


Sector Number 


na 


Cylinder Low 


na 


Cylinder High 


na 


Device/ Head 


obs | na | obs | DEV j na 


Command 


8 Oh 



Table 2 



Word 


Content . — . — 


0 


BitO IT/AV Mode 0=IT mode, 1=AV mode 

Bitl Home/Portable Mode 0=Home mode, l=Portable mode 

Bit2-15 Reserved 


1 


BitO Read continuous 0=off 
l=on 

Bitl- 7 Reserved 
Bit8-15 Reserved 


2 


Reserved . . — 


3 


Reserved 


4 


Total error recover time limit per READ AV STREAM command Lmsj 


5 


Total error recover time limit per WRITE AV STREAM command [msj 


6-255 


Reserved . 1 



The command code of the "SET AV CONFIGURATION" command 
is 80h, and as shown in Table 1, the command code 80h is 
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written into the command register within the input register. 

As shown in the "SET AV CONFIGURATION" in Table 2, 
"bitl" of "wordO" is a bit which indicates whether the HDD 
200 operates in the home mode or in the portable mode. The 
"SET AV CONFIGURATION" command issued from the host is 
received by the CPU-B 204 via the PC-card interface 150. 
The CPU-B 204 sets the disk rotation speed in an SPM control 
section 212 in accordance with an instruction of "bitl" of 
"wordO" of that command so that a data rate corresponding to 
the number of revolutions of the disk is set in the 
recording channel circuit 206 and the reproduction channel 
circuit 207. 

When bitl = 0, the mode is a home mode, in which the 
disk rotation speed is set to be high in a manner similar to 
a conventional HDD, and a high data transfer rate is ensured. 

When bitl = 1, the mode is a portable mode, in which 
the disk rotation speed is set to be low, and the HDD can 
operate with a low power consumption. That is, since in 
this portable mode, the disk rotation speed is decreased to 
less than that in the home mode, less electric power to be 
supplied to the spindle motor (SPM) for driving the disk to 
rotate is required. In a conventional HDD whose rotation is 
high, of the total power consumption, the power consumption 
ratio occupied by the spindle motor reaches approximately 
1/3, and generally, the power consumption of this SPM 
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increases as a function of the rotation speed. 

Fig. 6 shows a relationship between power consumption 
of a spindle motor (SPM) and the rotation speed. As can be 
understood from Fig. 6, as a result of decreasing the number 
of revolutions of the disk from a high-speed rotation of 
5400 rpm to a low-speed rotation of 2700 rpm, a large 
reduction in power consumption can be achieved. 

As another power consumption component in the disk 
drive apparatus, there is a circuit which continuously 
performs data processing at several tens of Mbits/sec or 
more. Since the main portions of this circuit are usually 
realized by CMOS logic circuits, the power consumption 
thereof is proportional to the operating frequency. 
Therefore, by decreasing the number of revolutions of the 
disk and by decreasing the data rate, it is also possible to 
decrease the power consumption of these circuits. 

As a result of reduction in the disk rotation speed in 
the manner as described above, reduction in not only the 
power consumption of a spindle motor (SPM) , but also the 
power consumption of CMOS logic circuits, is realized. 
Therefore, according to this construction, it is possible, 
in practice, to use a battery-driven-type portable moving- 
image disk camera apparatus, which was difficult to use in 
practice, because the power consumption at the time of 
continuous data recording or playback exceeds 2 W when a 
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conventional high-speed disk rotation HDD is used. 
Furthermore, another advantage is that, since rotation noise 
can be reduced due to a decrease in the disk rotation speed, 
by applying this construction to a portable moving-image 
disk camera, the amount of background noise can be reduced 
when sound is recorded, making it possible to record sound 
with a satisfactory S/N ratio. 

In a construction for automatically identifying whether 
driving power is a battery or commercial power of AC 100 V, 
etc., in the case of driving by a battery, by issuing a 
command by setting bitl of wordO of the "SET AV 
CONFIGURATION" command to 1 , it is possible to shift to a 
low- speed mode in which low power consumption is realized. 
In the case of this power identification construction, the 
construction is formed in such a way that a command is 
issued by setting bitl of wordO of the "SET AV 
CONFIGURATION" command to 0 when commercial power is used 
and to 1 when a battery is used in response to the switching 
of the power. 

Next, error handling in each operation mode of an HDD 
of the present invention is described. "BitO" of "wordO" of 
the "SET AV CONFIGURATION" command functions as a bit for 
indicating whether the operation, such as error handling of 
the HDD, data flow control, etc., is in the IT mode or in 
the AV mode. The HDD receives the "Set-AV-Conf iguration" 
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command from the host via the PC-card interface 150, and the 
command is interpreted by the CPU-B 204. The CPU-B 204 
supplies an instruction to each section of the HDD in 
accordance with the instruction of "bitl" of "wordO" of that 
command, so that appropriate error handling is performed. 

When bitO = 0, the HDD 200 is in the IT mode, in which 
satisfactory error handling which places importance on data 
reliability rather than on real-time characteristics is 
performed in a manner similar to that for a conventional HDD. 
For recording and playback of data in the IT mode, a write 
command, which is a normal write command, and a read command, 
which is a normal read command, defined by the ATA standard, 
are used. In the IT mode, for example, if a data playback 
error occurs, first, an error-correction code decoder of the 
HDC 203 detects a correction impossible error, the CPU-B 204 
instructs the HDC 203 and the reproduction channel circuit 
207 to retry a playback operation, and retries are repeated 
until the playback is terminated without errors. Therefore, 
although the reliability of played-back data is high, since 
clusters which follow cannot be played back until retries 
are completed, real-time continuity cannot be ensured, and 
this is not suitable for playback of a moving image. 

On the other hand, when bitO = 1, the mode is the AV 
mode, in which error handling which places importance on 
real-time continuity, unlike in a conventional HDD, is 
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performed. More specifically, in the data of Table 2 
described above, "word4" and "words" indicate a maximum 
error handling time permitted for playback and recording at 
one time, respectively. When the time required for error 
handling exceeds the indicated time, the error handling, 
such as retries, is stopped, and the process goes to a 
playback and recording operation of sectors which follow. 

With the above- described error-handling time limitation 
construction, since a host can estimate in advance the time 
required for one recording and playback operation, real-time 
continuous recording and playback of moving -image 
information and sound information is possible. In 
particular, at the time of playback, by further setting 
"bitO = 1" in "wordl" of the " SET AV CONFIGURATION" command, 
setting can be performed so that a "Read Continuous" 
operation is performed for transferring to the host the data 
of the sector, in which error handling cannot be completed 
within a set time. 

Figs. 7 to 9 show operation mode switching diagrams of 
the HDD 200 according to this embodiment. Fig. 7 is an 
operation mode switching diagram in a system having the 
above -de scribed four operation modes. Fig. 8 is an 
operation mode switching diagram in a system having three 
operation modes, excluding the PIT mode. Fig. 9 is an 
operation mode switching diagram in a system having only the 
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HIT mode and the PAV mode. Referring to Fig. 7 regarding 
the operation mode switching in a system having the four 
operation modes, the operation of the HDD 200 is described 
below . 

When the power is switched on, the HDD 200 starts first 
in the HIT mode. A host (more exactly, the CPU-A 115 which 
executes the HDD driver) issues a "SET AV CONFIGURATION" 
command to the HDD 200 in order to switch modes. The 
instruction of the mode is performed on the basis of the 
values of "bitO" and "bitl" of "wordO" within the data shown 
in Table 2. 

In the HIT and PIT modes, a normal read command and a 
normal write command, defined by the conventional ATA 
standard, are used to instruct recording and playback of 
computer data into and from the HDD 200. 

In contrast, in the HAV and PAV modes, each of a "Read 
AV stream" command and a "Write AV stream" command is used 
to instruct recording and playback of an AV data stream into 
and from the HDD 200. 

A group of static parameters necessary for executing 
these two recording and playback commands in the HAV and PAV 
modes are set by the "Set AV Configuration Data" shown in 
Table 2. That is, word4 of the data content thereof 
instructs, to the HDD 200, the maximum permissible value of 
the error handling time at the time of executing the "Read 
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AV stream" in the AV mode in units of milliseconds. In a 
similar manner, words of the data content instructs, to the 
HDD 200, the maximum permissible value of the error handling 
time at the time of executing the "Write AV stream" in units 
of milliseconds. 

When the host (more exactly, the CPU-A 115 which 
executes the HDD driver) sets the HDD 200 to the AV mode, 
the HDC 203 inside the HDD 200 and the CPU-B 204 store the 
maximum error handling processing time in a case where one 
"Write AV stream" command is executed, in accordance with 
the content of word5 of the "Set AV Configuration Data" 
content . 

Examples of causes of errors at the time of executing 
the recording command, that is, the "Write AV stream" 
includes a seek error to a track in which a recording object 
sector is present, off -track of a head due to vibration and 
impact during recording, and abnormality of a recording head 
during recording. In the case of a seek error, since a re- 
seek to an original target track, for example, from the 
erroneously arrived track is necessary, an error handling 
processing time of several milliseconds is required. Also, 
in the case of off-track and abnormality of a head, since 
data recording is retried after waiting for a rotation until 
the head 215 reaches again the corresponding sector, an 
error handling processing time including a latency time (for 



example, when the rotation frequency is 90 Hz, 11.1 msec) is 
necessary. 

In a case where such an error occurs while the 
recording command is being executed and a recovery process 
is performed, the CPU-B 204 measures the time until these 
error handling processes are terminated by using a timer. 
Then, when the maximum error handling time specified in the 
"Set AV Configuration Data" is exceeded, the error handling 
is stopped, and the process proceeds to the execution of a 
recording or playback command which follows. As a result, 
the real-time continuity regarding recording or playback 
data which follows is ensured. 

Also, when the host sets the HDD 200 to the AV mode, in 
a similar manner, the HDC 203 inside the HDD 200 and the 
CPU-B 204 store the maximum error handling time in a case 
where one "Read AV stream" command is executed, in 
accordance with the content of word4 of the "Set AV 
Configuration Data" content. 

Also, examples of errors which occur at the time of 
executing the playback command, that is, the "Read AV 
stream" , include a seek error to a track in which a playback 
object sector is present, and a data detection error during 
playback. The CPU-B 204 measures the time from when this 
error occurs until the processing is terminated by using a 
timer. Then, when the maximum error handling time specified 



in the "Set AV Configuration Data" is exceeded, the error 
handling is stopped, and the process proceeds to the 
execution of a recording or playback command which follows. 
As a result, the real-time continuity regarding recording or 
playback data which follows is ensured. 

In the manner as described above, as a result of 
providing an upper limit for the error handling time, it is 
possible to appropriately prevent a situation in which one 
error handling is prolonged, and execution of a command 
which follows is delayed, causing an obstacle in the real- 
time continuity of the AV data stream. 

Although in the above description, the parameter "Set 
AV Configuration Data" of the AV mode setting command is 
formed so as to specify the maximum permissible time for 
error handling for each of recording and playback in units 
of milliseconds, it is a matter of course that the same 
operation/working-effects can be obtained even if the time 
is specified and measured in other units (for example, 
microseconds) . 

A description will now be given of measures to be taken 
in a case where the " SET AV CONFIGURATION" command is issued 
to the HDD 200, and after a recording or playback operation 
of the AV data stream is started, the maintenance of real- 
time continuity becomes difficult for some reason. 

For example, there is a situation in which errors occur 
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continuously at a higher level than are assumed by the host 
while continuous recording or playback commands are being 
executed, and a maximum permissible time is spent for each 
error handling. In such a situation, the amount of playback 
data stored in the buffer memory of the HDD 200 and the host 
memory 112 becomes zero, the required average data rate 
cannot be satisfied, and the quality of a moving image to be 
played back is degraded. 

As a simple measure for improving such a situation, a 
means is provided for indicating the urgency of the 
execution of that command in individual AV recording and AV 
playback commands without newly issuing the " SET AV 
CONFIGURATION" command. 

In Table 3 below, the data structure of the input 
register inside the HDC 203 at the time of issuing the "Read 
AV stream" command is schematically shown. 



Table 3 
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The command code of the "Read AV stream" command is 81h, 
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and as shown in Table 3, the command code 81h is written 
into the command register in the input register. 

The bit position 7 (URG) of the feature register in the 
input register is defined as an urgent bit indicating the 
urgency of command processing. When the bit URG is "1", 
this shows that the execution of that command has a high 
level of urgency. In this case, the HDD 200 temporarily 
ignores the maximum error processing permissible time set by 
the command parameter of the "SET AV CONFIGURATION" so as to 
shorten the error handling time in the playback operation of 
the command as much as possible. Specifically, only a 
correction process by error- correction code, which scarcely 
requires a processing time, is performed, and a process 
requiring time, such as a retry, is not performed. As a 
result, by shortening the execution time of the playback 
operation, it is possible to circumvent an urgent situation 
in which the real-time continuity of the AV data stream is 
lost. 

When the playback data stored in the host memory 112 
reaches a sufficient amount and the urgent situation is 
resolved, the host sets this urgent bit (URG) to 0 when a 
"Read AV stream" command which follows is issued. As a 
result, the error handling time permitted for the HDD 200 
returns to the maximum permissible value which was 
previously set in the parameter "Set AV Configuration Data" 
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of the "SET AV CONFIGURATION" command. 

In Table 4 below, the data structure of the input 
register inside the HDC 203 at the time of issuing the 
"Write AV stream" command is schematically shown. 
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The command code of the "Write AV stream" command is 
82h, and as shown in Table 4, the command code 82h is 
written into the command register in the input register. 

Also, the bit position 7 (URG) of the feature register 
in the input register is defined as an urgent bit indicating 
the urgency of command processing. When the bit URG is "1", 
this indicates that the execution of that command has a high 
level of urgency. The urgency at the time of recording by 
the disk recorder becomes high when the output data of the 
AV encoder, stored in the host memory 11, is overflowing in 
excess of the set memory limit. When URG = 1, in the HDD 
200, error handling, such as retries, requiring time, is not 
performed. As a result, the data stored in the host memory 
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112 is recorded quickly in the HDD 200, and an urgent 
situation in which the continuity of a data stream is 
interrupted can be resolved. 

Next, the four operation modes in the disk drive 
apparatus of the present invention are described below 
individually . 

[Outline of operation in the PAV mode] 

A PAV mode is described below as a first representative 
operation mode in the disk drive apparatus of the present 
invention . 

In a case where the disk camera is battery driven, for 
the reasons described below, the host issues a "SET AV 
CONFIGURATION" command to the HDD 200 so that the HDD 200 
operates in the PAV mode. 

When the HDD is set to the PAV mode, by decreasing the 
disk rotation speed, for example, from a high-speed rotation 
of 5400 rpm to 2700 rpm, power consumption of the spindle 
motor, etc., is reduced in a manner as described above. In 
this case, if the line recording density of data on the disk 
surface is the same, the data rate in the same radius is 
also decreased, but a speed necessary for recording a still 
image or a compressed moving image, and compressed sound 
information can be secured. Fig. 10 is a diagram in which 
the disk rotation speed (rpm) of a disk is shown on the 
horizontal axis, and the maximum data rate (Mbits/sec) of an 
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MPEG-AV data stream, which can be achieved at each rotation 
speed, is shown on the vertical axis. As conditions, the 
disk diameter suitable for a PC-card-type HDD is assumed to 
be 1.8 inches, and the line recording density thereof is 
assumed to be 250 kbpi as a value possible for the head disk 
at the present time. Also, the inter-track head movement 
time is assumed to be 3 ms which is an ordinary value, and 
the occurrence of errors in head movement and in playback 
operation is not considered here. 

It can be seen from Fig. 10 that, for example, the 
achievement of an average data rate of 4 to 8 Mbits/sec in 
the MPEG 2 method, which is a typical digital moving- image 
compression method, is possible at a low rotation speed of 
approximately 1000 rpm. Of course, in a case where the 
rotation speed is decreased too much, the relative speed 
between the head and the disk becomes too low, and a problem 
may occur in that head floating using a slider, which is a 
feature of the HDD, becomes unstable. However, in the case 
of a rotation speed of 2700 rpm, which is mentioned in the 
above example, stable head floating can be ensured even with 
a 1 . 8-inch -diameter disk. Although in this embodiment, the 
low rotation speed is 2700 rpm, the rotation may be even 
slower as long as it is a speed at which stable head 
floating is possible, data recording and playback can be 
performed stably, and no problem is posed in data recording 
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and playback. 

In head movement and in a recording operation, when an 
error occurs, time is necessary for handling it. Therefore, 
if a long time is permitted for error handling, the average 
data rate is decreased to less than a value necessary for 
MPEG2 playback, causing a problem in that a moving image 
which follows cannot be recorded. This problem is described 
below by using an example of a data recording operation in 
the AV mode in Fig. 4 described above. 

The operation of the HDD shown in the middle portion of 
Fig. 4 is an example of an HDD operation in a case where one 
AV data stream is recorded in an HDD which is set to the PAV 
mode in which the data rate is low. Each cluster has an 
amount of data for 245 sectors, and for the sake of 
simplicity, it is assumed that one cluster is continuously 
recorded on one track on the disk, and a head seek operation 
is not necessary. 

For a cluster (k, 1), when the host issues a "Write AV 
stream" command to the HDD, in the HDD, the command is 
received, the head is made to seek (SI) the target track, 
the arrival at the target start sector is awaited, and 
recording of 245 sectors of the cluster (k, 1) is performed 
(Wl). 

After the recording is completed normally, the HDD 
returns the termination message to the host, and there is an 



- 50 - 



idle time (El) until the scheduled recording start time of 
the next sector. 

For a cluster (k, 2), since initially a seek (S2A) to 
the target track fails, and the seek is retried ( S2B) , time 
is wasted. Thereafter, 245 sectors are continuously 
recorded, and recording can be completed even though there 
is hardly any idle time (E2). 

For a cluster (k, 3), since the recording operation is 
interrupted because the head positioning error is excessive, 
waiting for the positioning to become normal must be 
performed and furthermore, rotation latency (S3B) of the 
start portion of the sector which follows is required. 
Since the maximum error handling time provided by word5 of 
the "SET AV CONFIGURATION" command is exceeded, the error 
handling is cancelled, and the process proceeds to the 
recording operation of a cluster (k, 4) which follows. In 
the manner as described above, since in the portable mode 
the data rate is low and the idle time is short even in the 
case of normal termination, there are cases in which real- 
time continuity required by a moving image, etc., cannot be 
ensured unless the prolonged error handling is cancelled in 
the provided maximum time so as to start a recording 
operation for clusters which follow. 

For the cluster (k, 4), the operation is completed 
normally in a manner similar to that for cluster (k, 1). 
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Therefore, recording of the clusters which follow is 
performed without the real-time characteristics being lost 
due to the error handling time limitation function of the AV 
mode. 

The maximum permissible error handling time provided by 
the "SET AV CONFIGURATION" command is determined by various 
design parameters of an HDD, a continuous average data rate 
of an AV data stream, etc. If the necessary continuous 
average data rate is denoted as Rate, the radius of the 
innermost circumference of the HDD as Rid, the line 
recording density as Ld, the track use efficiency as e, the 
head movement time between adjacent tracks as Tjmp, and the 
rotation speed as fr, the maximum permissible value Terr of 
the error handling time can be given based on equation (1) 
of the following equation, where Jt is the ratio of the 
circumference of a circle to its diameter: 

Terr = 2jt- (Rid) • (Ld) • (e/Rate) - Tjmp - 1/fr (1) 
As a typical example, a result is shown in Fig. 11, in 
which the maximum permissible value of the error handling 
time is plotted as a function of the rotation speed fr under 
the conditions in which the line recording density Ld = 250 
kbits/inch, the track use efficiency e = 0.75, and Tjmp = 3 
ms when the radius Rid of the innermost circumference of a 
1.8-inch HDD = 11 mm. For example, in a case where the 
average rate of the AV data stream is 8 Mbit s/ sec, if the 
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rotation speed fr = 2700 rpm, the maximum permissible value 
of the error handling time is 38.5 ms. Therefore, error 
handling, such as recovery of an error of head movement 
between adjacent tracks, and waiting for one rotation by one 
circumference is done for an error during recording so as to 
perform recording again, is possible. 

In the manner as described above, if conditions, such 
as design parameters of the drive and the operating speed, 
are known, it is possible to calculate the maximum 
permissible value of the error handling time in advance. 
The host can permit error handling to the greatest extent 
practicable in a range in which the continuous average data 
rate can be ensured by indicating that value in word4 and 
word5 of the "SET AV CONFIGURATION" command (see Table 2). 

In the foregoing, the recording operation in the PAV 
mode is described. Also when playback is performed in the 
PAV mode, setting to a low number of revolutions of the disk 
and a limitation on the error handling time are performed at 
the same time as during recording. Examples of the use of 
this PAV mode include a case in which playback of a moving 
image is performed on a monitor incorporated into a disk 
camera which is battery driven, and a case in which a 
recorded PC-card HDD is inserted into a notebook-type 
personal computer which is battery driven and a moving image 
is played back. 
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Therefore, in the PAV mode, at the same time as the 
power consumption decreases due to the low revolution rate 
of the disk, real-time continuity required for AV is ensured 
by error handling on which a time limitation is imposed, and 
therefore, the PAV mode may be said to be a mode suitable 
for a camera which is battery driven. 

[Outline of operation in the HIT mode] 

The HIT mode will now be described as a second 
representative operation mode in the disk drive apparatus of 
the present invention. 

The HIT mode is a mode which is most appropriate in a 
case where a moving image photographed while carrying a disk 
camera to which the construction of the present invention is 
applied is edited by driving, for example, a personal 
computer by commercial power of AC 100 V, etc. The HIT mode 
is a mode which is most appropriate in a case where, for 
example, as shown in Fig. 5, after a photographed image is 
recorded in a PC -card HDD which can be mounted into and 
removed from the disk camera, the PC-card HDD is removed, 
and it is inserted into the PC-card slot of a desktop- type 
computer which can be driven by commercial power, so that a 
recorded image is read and is edited, or is transferred to 
another storage apparatus. 

In a case where an image editing process is performed 
by a personal computer by receiving the supply of power from 
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the AC 100 -V power supply, shortening of a transfer time and 
an editing time by a high data transfer rate is more 
important than decreasing power consumption. It is also 
preferable that data reliability be high. In such a case, 
the host issues a "SET AV CONFIGURATION" command to the HDD 
200 so that the HDD 200 operates in the HIT mode. As can be 
understood from the operation mode switching diagrams shown 
in Figs . 7 to 9 , switching to the HIT mode is performed by 
issuing a " SET AV CONFIGURATION" command in which the bits 
of wordO of the "SET AV CONFIGURATION" command are set to 
"bitO = 0 and bitl = 0". 

For example, when switching from the low- speed rotation 
mode of the PAV mode to the HIT mode is performed, in the 
HDD, a data transfer rate twice as great as that of the PAV 
mode is realized by increasing the disk rotation speed to, 
for example, 5400 rpm. In the error handling in the HIT 
mode, since retries to the greatest extent practicable are 
performed until the recording or playback operation is 
completed correctly in a manner similar to that of a 
conventional HDD, high data reliability can be ensured. 
Therefore, in an editing operation, etc., for example, even 
if a process for repeating a dubbing process for a moving 
image is performed, the degradation of image quality does 
not occur. In this PAV mode, the error recovery time 
limitation of word4 and word5 of the "SET AV CONFIGURATION" 
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command shown in Table 2 is not applied, and retries to the 
greatest extent practicable are performed until the 
recording and playback operation is completed correctly. 

This higher data rate in the HIT mode yields advantages, 
for example, such as those described below. 

For example, in a case where the HDD recording capacity 
of a disk camera is 2 GB, if the compression method is an 
MPEG2 method in which the average data rate is 8 Mbits/sec, 
a moving image 2000 seconds long can be recorded on an HDD, 
and to transfer this image as it is to the computer requires 
2000 seconds. In comparison, if the number of revolutions 
of the disk is increased by setting the HDD to a high-speed 
mode and, for example, 50 Mbits/sec is secured as ah average 
transfer rate, and transfer can be completed in 160 seconds, 
making it possible to complete data processing on a computer, 
such as editing, or a process such as long-term storage in a 
file server, in a short time. 

Of course, since each operation in the HIT mode is 
similar to that of the conventional HDD, it is suitable for 
recording and playback, and editing processing not only for 
moving -image and sound information, but also for text data. 
[Outline of operation in the HAV mode] 

As a third operation mode in the disk drive apparatus 
of the present invention, the HAV mode is described below. 
Even in a case where driving by commercial power is 
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possible and the number of revolutions of the disk can be 
set to be high, when ensuring of real-time characteristics 
is desired at the time of recording and playback, an 
operation in the HAV mode is suitable. 

The host issues a "SET AV CONFIGURATION" command to the 
HDD 200 so that the HDD 200 operates in the HAV mode. As 
can be understood from the operation mode switching diagrams 
shown in Figs . 7 and 8 , the switching to the HAV mode is 
performed by issuing a "SET AV CONFIGURATION" command in 
which the bits of wordO of the "SET AV CONFIGURATION" 
command are set to bitO = 1 and bitl =0. 

In the HAV mode, the disk rotation speed becomes a 
high-speed rotation mode of 5400 rpm. However, an upper 
limit on the error recovery time of word4 and word5 of the 
"SET AV CONFIGURATION" command is applied, and the real-time 
characteristics at the time of recording and playback are 
ensured. Therefore, in a manner similar to the PAV mode, 
the HDD operation during error handling is the same 
procedure as that shown in Fig. 4. The following processing 
is performed, for example, if time runs out during error 
handling, the error handling is cancelled, and the process 
proceeds to a recording or playback operation for clusters 
which follow. 

For example, in a case where two AV data streams 
recorded in a PC-card HDD are played back at the same time. 
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even if the number of revolutions is twice as great as that 
of the portable mode, error handling for a long time still 
cannot be permitted. In this case, real-time continuity can 
be ensured by forming a construction such that the error 
handling time is set to the maximum time in advance, and 
when the value is exceeded, the error handling is cancelled, 
that is, by forming this HAV mode. 

[Outline of operation in the PIT mode] 

As a fourth operation mode in the disk drive apparatus 
of the present invention, the PIT mode is described below. 

When the mode is changed to the PIT mode, the host 
issues a "SET AV CONFIGURATION" command to the HDD 200 so 
that the HDD 200 is placed in the PIT mode. As can be 
understood from the operation mode switching diagram shown 
in Fig. 7, the switching to the PIT mode is performed by 
issuing a "SET AV CONFIGURATION" command in which the bits 
of "wordO" are set to bitO = 0 and bitl = 1. 

In a case where the HDD 200 is battery driven and 
ordinary information, rather than information requiring 
real-time continuity, such as a moving image, is recorded or 
played back as data, the PIT mode is suitable. It is a mode 
suitable for a case where, for example, a PC-card HDD is 
inserted into a notebook- type personal computer and is used. 

In this PIT mode, the disk rotation speed is set to a 
low- speed rotation, that is, 2700 rpm which is half of the 
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5400 rpm during normal rotation. Therefore, the amount of 
power consumed is reduced. However, an error recovery time 
limitation of word4 and word5 of the "SET AV CONFIGURATION" 
command is not applied, and retries to the greatest extent 
practicable are performed until the recording or playback 
operation is completed correctly. In this PIT mode, the 
reliability at the time of recording and playing back data 
is high, and the PIT mode is a mode which is most 
appropriate for a case where ordinary data processing other 
than recording and playback of a moving image is performed 
by battery driving. 

As has thus been described, according to the 
construction of the present invention, it is possible to 
appropriately select four operation modes according to 
various use modes, and an HDD can be made to perform the 
most appropriate operation with respect to power consumption 
and real-time continuity of recording and playback. 

As can be understood from the operation mode switching 
diagrams shown in Figs. 7 to 9, in a case where all four 
modes are not used, the construction may be formed in such a 
way that a mode change is possible among only three or two 
modes. By forming the construction in such a way that the 
disk rotation speed differs and an error handling mode 
differs in at least two operation modes , appropriate 
performance can be ensured in various use modes , such as 
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recording and playback of continuous information such as 
moving- image information and sound information, portable use 
by battery driving, and data processing requiring high data 
reliability. 

In the foregoing, the present invention has been 
described in detail by referring to the specific embodiments. 
However, it is obvious that a person skilled in the art can 
modify and substitute the embodiments without departing from 
the spirit and scope of the present invention. 

For example, in this specification, the embodiments of 
the present invention are described in accordance with 
examples in which a disk drive apparatus is applied to a 
digital disk camera. The gist of the present invention is 
not limited to this example. For example, the present 
invention can be suitably applied to a disk drive apparatus 
of a type which is connected to a general-purpose computer 
system by means of extended IDE, SCSI, or other interfaces. 
Also, although in the above -described embodiments only two 
modes of 5400 rpm and 2700 rpm are described for the disk 
rotation speed, a disk rotation mode at a lower speed or at 
a higher speed may be provided. 

In summary, the present invention has been disclosed in 
a form of examples, and those should not be construed as 
being limitations . To determine the gist of the present 
invention, the claim section should be taken into 
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consideration . 

As has thus been described in detail, according to the 
present invention, it is possible to provide a superior disk 
drive apparatus, a superior video camera apparatus, and a 
superior data processing method for use with the disk drive 
apparatus, which are capable of performing processing 
suitable for recording and playback of an AV data stream 
requiring real-time characteristics. 

According to the present invention, the construction is 
formed in such a way that the disk rotation speed is reduced 
in an HDD- incorporated system, which is battery driven, as 
in a portable system, thus making it possible to achieve low 
power consumption and to realize use for an extended period 
of time. 

According to the present invention, it is possible to 
provide a superior disk drive apparatus , a superior video 
camera apparatus, and a superior data processing method for 
use with the disk drive apparatus, which ensure real-time 
continuity for a video recorder, which increase the number 
of AV data streams which can be recorded and played back at 
the same time, the average data rate, etc., and which enable 
high-speed recording and playback of high-quality AV data. 

According to the present invention, by allowing a 
limitation on the error handling time, the disk apparatus 
can have an operation mode suitable for recording and 
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playback of moving-image data and sound data requiring real- 
time continuity. Therefore, it is easy for the host having 
incorporated therein the disk apparatus to control real-time 
continuity. 

The disk apparatus according to the present invention 
is a disk apparatus which performs data processing in 
accordance with a use mode in a case where discrete data in 
computer uses is handled and in a case where real-time 
continuous information, such as a moving image and sound 
information, is handled. Therefore, according to the disk 
apparatus of the present invention, it is possible to 
provide a superior disk drive apparatus, a superior video 
camera apparatus, and a superior data processing method for 
use with the disk drive apparatus, which perform the most 
appropriate operation in either use mode. 
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WHAT IS CLAIMED IS: 

1 . A disk drive apparatus having a plurality of 
operation modes, 

wherein said plurality of operation modes include a 
plurality of operation modes in which disk rotation speeds 
are different, and 

said plurality of operation modes include a plurality 
of operation modes in which error handling modes at the time 
of recording and playback of data are different. 

2 . A disk drive apparatus according to claim 1 , 
wherein said disk drive apparatus has : 

a first operation mode in which a disk rotation speed 
is set to be low, to which an error handling method 
appropriate for performing recording or playback of real- 
time continuous information is made to correspond; and 

a second operation mode in which a disk rotation speed 
is set to be high, to which an error handling method 
appropriate for performing recording or playback of data 
with high reliability is made to correspond. 

3. A disk drive apparatus according to claim 2, 
wherein the error handling method in said first operation 
mode is an error handling method in which an upper limit of 
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an error handling time for realizing recording or playback 
of real-time continuous information is determined, and 

the error handling method in said second operation mode 
is an error handling method in which an error handling time 
longer than the upper limit of the error handling time in 
said first operation mode is permitted. 

4. A disk drive apparatus according to claim 3, 
wherein in said first operation mode, when error handling is 
not completed within the upper limit of said error handling 
time, the error handling is stopped, and a recording or 
playback process for data which follows is performed. 

5. A disk drive apparatus according to claim 3, 
wherein the upper limit of said error handling time can be 
set . 

6. A disk drive apparatus according to claim 2, 
wherein said disk drive apparatus further has a third 
operation mode in which a disk rotation speed is set to be 
high, to which an error handling method appropriate for 
performing recording or playback of real-time continuous 
information is made to correspond. 

7 . A disk drive apparatus according to claim 2 , 
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wherein said disk drive apparatus further has a fourth 
operation mode in which a disk rotation speed is set to be 
low, to which an error handling method appropriate for 
performing recording or playback of data with high 
reliability is made to correspond. 

8 . A disk drive apparatus according to claim 1 , 
wherein said disk drive apparatus can be battery driven, and 
when said disk drive apparatus is battery driven, the disk 
drive apparatus operates in an operation mode in which the 
disk rotation speed is set to be low. 

9. A disk drive apparatus according to claim 1, 
wherein said disk drive apparatus can be connected to a host 
system via a host interface, performs a recording or 
playback operation onto or from a disk in accordance with a 
recording or playback command received via said host 
interface, and switches among different operation modes in 
accordance with a command containing operation mode 
specification, which is received via the host interface. 

10 . A disk drive apparatus according to claim 9 , 
wherein the command containing said operation mode 
specification is a command added in accordance with the ATA 
( AT -Attachment ) standard prepared by the ANSI (American 



National Standards Institute). 

11. A disk drive apparatus according to claim 9, 
wherein the command containing said operation mode 
specification is a command added in accordance with the PC 
card ATA ( AT -Attachment ) standard defined by the PCMCIA 
(Personal Memory Card International Association ) / JEIDA 
(Japan Electronics Industry Development Association). 

12. A disk drive apparatus according to claim 1, 
wherein said disk drive apparatus is a removable disk 
apparatus from which a mounted disk can be removed. 

13. A disk drive apparatus according to claim 1, 
wherein the outer dimensions and the connector construction 
of said disk drive apparatus are in compliance with the PC 
card standard defined by the PCMCIA/ JEIDA. 

14. A disk drive apparatus according to claim 1, 
wherein said disk drive apparatus performs positioning 
control of a head with respect to a disk on the basis of 
servo information in accordance with a sector servo method 
of sectors provided radially by partitioning the data 
recording surface of the disk. 
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15. A disk drive apparatus according to claim 14, 
wherein said disk drive apparatus has a synchronous head 
position detection construction for generating a servo clock 
on the basis of said servo information recording area and 
for detecting head position information while referring to 
the generated clock. 

16. A disk drive apparatus according to claim 1, 
wherein said disk drive apparatus comprises an information 
compression unit for compressing information, and an 
information decompression unit for decompressing compressed 
information, information compressed by said information 
compression unit is recorded on a disk loaded into said disk 
drive apparatus, and when compressed information is played 
back from the disk, a decompression process for 
decompressing information is performed by said information 
decompression unit . 

17. A disk drive apparatus according to claim 16, 
wherein information compressed by said information 
compression unit contains moving-image information. 

18. A disk drive apparatus according to claim 17, 
wherein the moving-image information is moving-image 
information compressed by the MPEG2 (Motion Picture Experts 
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Group Phase 2) method. 

19. A disk drive apparatus according to claim 1, 
wherein said disk drive apparatus has a camera for 
photographing an image, and the image information obtained 
by the camera is recorded on a disk loaded in said disk 
drive apparatus. 

20. A video camera apparatus comprising a disk drive 
apparatus having a plurality of operation modes, 

wherein said plurality of operation modes include a 
plurality of operation modes in which the disk rotation 
speeds are different, and 

said plurality of operation modes include a plurality 
of operation modes in which error handling modes at the time 
of recording or playback of data are different. 

21. A video camera apparatus according to claim 20, 
wherein said disk drive apparatus has : 

a first operation mode in which a disk rotation speed 
is set to be low, to which an error handling method 
appropriate for performing recording or playback of real- 
time continuous information is made to correspond; and 

a second operation mode in which a disk rotation speed 
is set to be high, to which an error handling method 
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appropriate for performing recording or playback of data 
with high reliability is made to correspond. 

22. A data processing method for use with a disk drive 
apparatus having a plurality of operation modes, said data 
processing method comprising the steps of: 

setting to a first operation mode in which a disk 
rotation speed is set to be low on the basis of mode 
information contained in a command received by said disk 
drive apparatus, to which an error handling method 
appropriate for performing recording or playback of real- 
time continuous information is made to correspond; and 

measuring the duration of error handling for an error 
which occurs at the time of recording or playback of data 
onto or from a disk, and when the error handling is not 
terminated within an upper- limit time contained in said 
command, stopping the error handling and performing a 
recording or playback process for data which follows. 
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ABSTRACT OF THE DISCLOSURE 

A disk drive apparatus is provided which is capable of 
performing recording and playback processing of an AV data 
stream requiring real-time characteristics and processing in 
an operation mode suitable for battery driving. The 
construction is formed in such a way that a first operation 
mode in which a disk rotation speed is set to be low, to 
which error handling in which an upper limit of an error 
handling time is determined as an error processing method 
suitable for performing recording or playback of real-time 
continuous information is made to correspond, and a second 
operation mode in which the disk rotation speed is set to be 
high and in which retries can be performed repeatedly as an 
error processing method suitable for performing recording or 
playback of data having high reliability, can be set. Thus, 
lower power consumption of real-time continuous data 
processing in image recording and playback by battery 
driving, such as in a portable video camera, is realized. 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 




Write_AV_Stream 



10/11 



FIG. 10 
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FIG. 11 
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DECLARATION FOR PATENT APPLICATION (JOINT OR SOLE) 
(Under 37 CFR § 1.63; with Power of Attorney) 

FROMMER LAWRENCE & HAUG LLP FLH File No. 450100-02634 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention ENTITLED: 

DISK DRIVE APPARATUS, VIDEO CAMERA APPARATUS, AND DATA PROCESSING METHOD FOR USE WITH DISK 
DRIVE APPARATUS 

the specification of which 

X is attached hereto. 
was filed on as Application Serial No. , 



with amendment(s) through (if applicable, give dates). 

I hereby state that I have reviewed and understand the contents of the above -identified specification, including 
the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me 
to be material to patentability as defined in Title 37, Code of Federal Regulations, Sec. 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign appl ication(s) 
for patent or inventor's certificate listed below and have also identified below any foreign application for patent or 
inventor's certificate having a filing date before that of the application on which priority is claimed: 

Prior Foreign Application(s) [list additional applications on separate page]: Priority Claimed: 
Number: Country: Filed (Da.y/Honth/Year): Yes No 

11-220373 Japan 3 August 1999 X 

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States appl i cat ion{s) listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, United States Code § 112, I acknowledge the 
duty to disclose to the United States Patent and Trademark Office all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Sec. 1.56, which became available between the filing 
date of the prior application and the national or PCT international filing date of this application: 
Prior U.S. Application(s) [list additional applications on separate page]: 

Appln. Ser. Number: Filed (Day/Month/Year): Status (patented, pending, abandoned): 

I hereby appoint WILLIAM S. FROMMER , Registration No. 25,506 . and DENNIS H. SMID . Registration No. 34 . 930 
or their duly appointed associate, my attorneys, with full power of substitution and revocation, to prosecute this 
application, to make alterations and amendments therein, to file continuation and divisional applications thereof, to 
receive the Patent, and to transact all business in the Patent and Trademark Office and in the Courts in connection 
therewith, and specify that all communications about the application are to be directed to the following correspondence 
address: 

WILLIAM S. FROMMER Esq. Direct all telephone calls to: 

c/o FROMMER LAWRENCE & HAUG LLP (212) 588-0800 

745 Fifth Avenue to the attention of: 

New York, New York 10151 WILLIAM S. FROMMER 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
INVENTOR(S) : 

Signature: Date: 

Full name of sole or first inventor: Hiroaki YADA 

Residence: Kanagawa, Japan 

Citizenship: Japan 



Full name of 2nd joint inventor (if any): Keitaro YAMASHITA 
Residence: Kanagawa, Japan 

Citizenship: Japan 

Signature: . 



. e of 3rd joint inventor (if any): 

Residence: 
Citizenship: 

[Similarly list additional inventors on separate page] 

Post Office Address(es) of inventor(s): Sony Corporation 

[if all inventors have the same post office address] 7-35 Kitashinagawa 6-chome 

Shinagawa-Ku, Tokyo 141, Japan 

Note: In order to qualify for reduced fees available to Small Entities, each inventor and any other individual or ent 
having rights to the invention must also sign an appropriate separate "Verified Statement (Declaration) Claiming [or 
Supporting a Claim by Another for] Small Entity Status" form [e.g. for Independent Inventor, Small Business Concern, 
Nonprofit Organization, individual Non-Inventor]. 

Note: A post office address must be provided for each inventor. 
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